Abstract Toxic effects of copper, atrazine and irgarol were evaluated on epiphytes attached to mimes (artificial devices that mimic the morphology of seagrasses) in order to check sensitivity of this biological group. Tube-dwelling diatoms were the major component of the epiphyte community. Superoxide dismutase activity was enhanced by exposure to 25 and 50 lg L -1 of atrazine; the organism generates this antioxidant response to prevent cellular damage by removing reactive oxygen substances produced by oxidative stress. The measurement of antioxidant enzymatic activity in epiphytes could be a useful technique for ecotoxicology monitoring in marine coastal environments.
Marine epibionts are organisms that grow on any submerged surface. Those found on seagrass leaves are especially important since they play a key role in marine ecosystems. They have some interactions with the host plant such as exchanging nutrients (Goering and Parker 1972) ; their growth reduces desiccation at low tide (Penhale and Smith 1977) ; and retained seeds in the epiphyte framework are protected from drying out by the water current (Richardson 1980) . Epiphytes (photosynthetic epibionts) are major contributors to primary production (Pollar and Kogure 1993) and also have an important role as a source of carbon for the heterotrophic community that feeds on them. Many small herbivores seem to feed only on microalgae and not on the leaves that hold them (Jernakoff and Nielsen 1997) . Furthermore, structure of epibiont communities can also be used as indicators of water quality (Giovannetti et al. 2010) .
This study considers epiphytes attached to mimes (artificial devices that mimic the morphology of seagrasses) with the object of assessing their potential sensitivity to environmental toxicity according to several different parameters. The parameters studied were chlorophyll a and c content, organic matter weight, and superoxide dismutase (SOD) antioxidant enzymatic activity. SOD is the first defense against cellular oxidation due to the presence of intracellular reactive oxygen species (ROS), usually produced in toxic stress situations. In vitro experiments were conducted for three pollutants at environmentally relevant concentrations. Atrazine (2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine), herbicide used worldwide and one of the most frequently detected pesticides in marine environments where plankton and epiphyte communities are targets of its toxic effects due to their physiologic similarities with terrestrial plants (Chalifour and Juneau 2011) . In spite of the use prohibition for European Union, atrazine can be found in European coastal environments (Nödler et al. 2013 ), is an essential nutrient but toxic at high concentrations and whose environmental levels have increased in recently due to anthropogenic activities (Pinto et al. 2003) . Irgarol 1051 (2-methylthio-4-tert-butylamino-6-cyclopropylamino-s-triazine) is an algaecide used in antifouling coatings. This is the first attempt to develop a toxicity bioassay involving coastal epiphytic organisms attached to artificial devices.
Materials and Methods
Devices known as mimes (Brun, F.G González-Ortiz, V.; Vergara, J.J. and Pérez-Lloréns, J.L., 2012. Flexible -2 s -1 ) at 20 ± 1°C. Nine mimes were exposed at each single-pollutant concentration.
For taxonomic identification, a sample of biomass, obtained by scraping the mime surface, was analyzed by brightfield microscopy (Carl Zeiss Axioskop 2 Mot Plus) to determine the main taxonomic groups.
Dry weight (dried scraped material at 80°C for 24 h in an oven) and organic matter content (weight difference from dry weight after ash-reducing at 450°C for 24 h in a furnace) were also calculated.
Chlorophyll a and c content were measured using the Jeffrey and Humphrey methanol method (1975) . Superoxide dismutase activity was measured using a SOD Assay kit-WST (water-soluble tetrazolium salt) by Sigma-Aldrich. Due to patchiness of epiphyte distribution, protein contents were always measured as a normalization method for measuring SOD activity, as indicated in the instructions of the Sigma-Aldrich SOD measuring kit. Protein concentrations were determined using the standard Bradford colorimetric assay, with bovine serum albumen as the standard (Bradford 1976) and all the absorbance data were obtained with a Perkin Elmer Lambda 25 Spectrophotometer.
Statistical analysis was performed using the SPSS statistical program Statistics 20. Data were compared by one way analysis of variance (ANOVA) and the Tukey test was subsequently applied to detect the different groups (with a confidence interval of 95 %). Previously the normal sample distribution was verified using the Shapiro-Wilks test; and homogeneity of variances (homoscedasticity) by the Levene's test. Where it was not possible to ensure normality and/or homocedasticity of the data, these were analyzed with the non-parametric Welch test.
Results and Discussion
Tube-dwelling diatoms (mostly Navicula ramosissima) were the main organisms found within the epiphyte biomass, but a green alga (Ulva sp., formerly Enteromorpha sp.) was also found. Jacobs and Noten (1980) also determined that diatoms are the major components in epiphyte biomass. Tube-dwelling diatoms are often found in coastal marine and estuarine environments and they resemble macroscopic brown algae by forming colonies. Some pennate diatoms such as Berkeleya, Navicula, and Nitzschia are known to form mucilaginous tubes inside which they live (Camacho and Vidal 2011) .
For epiphytes exposed to atrazine at 1 lg L -1 and those exposed to irgarol at 25 lg L -1 , dry and incinerated weights were statistically lower (Fig. 1) than the control (p = 0.032 and p = 0.018 respectively). Organic matter weights did not meet the condition of homoscedasticity, not even by logarithmic transformation of the data. Therefore, the non-parametric Welch test was applied, in which significant differences (p = 0.041) were found for atrazine 1 lg L -1 compared to control. Special attention should be paid to the high variability in replicates (high standard deviation) due to differential growth of epiphytes as a result of their high dependence on environmental factors such as currents, light, pressure, temperature, etc. (Jacobs et al. 1983 ). These abiotic factors may have contributed to the heterogeneous epiphyte distribution and composition, although the mimes were positioned in line in order to equalize these effects in all samples. Patchiness in the epiphyte distribution and not the presence of pollutants may have caused differences in weights of atrazine and irgarol treatments (Fig. 1) that could explain the lack of effect at higher concentrations.
Chlorophyll a and c assay showed no significant differences between treatments and controls (p [ 0.05) for any treatment or pollutant concentration (Fig. 2) . Some authors have suggested that only atrazine concentrations above 100 lg L -1 , or long exposure time to this pollutant, can reduce photosynthesis rates, biomass and chlorophyll content of most aquatic producers (Jurgensen and Hoagland 1990; Huber 1993 ). For concentrations above 500 lg L -1 , photosynthesis is inhibited almost completely in all non-resistant species and the C 14 uptake is reduced by 95 % in 2 days (deNoyelles et al. 1982) . However, the effect of atrazine at environmentally realistic concentrations of between 1 and 20 lg L -1 (Graymore et al. 2001 ) is less clear. Lynch et al. (1985) found no effects after long exposure to 25 lg L -1 in artificial systems, and Huber (1993) concluded that concentrations below 20 lg L -1 of atrazine would not affect aquatic photosynthetic organisms, especially if exposure is transient. Furthermore, epiphytes are able to become resistant to atrazine concentrations above 50 lg L -1 through a change in the dominance or selection of resistant forms (Detenbeck et al. 1996) . The lack of effect of atrazine in these concentration ranges has been shown by many authors, including Muñoz et al. (2001) and Jurgensen and Hoagland (1990) in short pulses of atrazine.
In the case of irgarol, there are very dissimilar results in the literature about its algaecide effect on epiphytes due to its high species-dependent toxicity (Mohr et al. 2008 ). There are even fewer studies of its effects on periphytic tube-dwelling diatoms, almost all focusing on freshwater Chlorophyte (Bérard et al. 2003 ) and phytoplankton (Nyström et al. 2002) . The lack of effect by this antifouling compound is possibly because it is rapidly adsorbed on mimes, tank walls and diatom tubes. The fact that the main component of this community is tube-dwelling diatoms suggests that the tube exopolysaccharides serve as adsorption surface for the toxic substance (Starodub et al. 1987 ) and avoid contact with the cells inside due to its high lipophilicity (Mohr et al. 2008) .
The response of epiphytes in environments contaminated by metals is very complex and usually follows a Fig. 1 Dry, incinerated and organic matter weights (mg) of the epiphyte cover for 3 treatments: atrazine (a), copper (b) and irgarol (c). Significant differences marked asterisk Fig. 2 Chlorophyll a and c content in mg cm -1 of mime, for 3 treatments: atrazine (a), copper (b) and irgarol (c) pattern of decline and recovery (Balczon and Pratt 1994) . Algae have evolved adaptive responses to reduce macromolecular damage due to oxidative stress produced by metals. In addition, metals can produce different effects in each organism species because of their structural and morphological characteristics, such as size, cell volume, presence or absence of cell wall, mucilaginous matrix and its chemical composition. Each species also tends to have its own physiological mechanism of metal detoxification (Levy et al. 2007 ). The responses include metal detoxification through intracellular exclusion of the metal by complexation with various ligands and storage on vacuoles (Rijstenbil and Gerringa 2002) . One of the early responses of algae to prevent the toxic effects involves binding of metal ions to the covering thus preventing their entry into the cell. Algal cells have external surfaces (mucilage, cell wall and membrane) with different sites of high affinity functional groups that act as ligands for binding metal cations (Crist et al. 1990 ). Copper presents a high trend to adsorb on cellular surfaces and other negative-charged surfaces, thus, exo-polymers excreted by algae (even more if tube-former cells are involved) can act as a sink for this metal (Moreno-Garrido et al. 2005) .
After treatments of 25 and 50 lg L -1 of atrazine, superoxide dismutase activity (Fig. 3 ) is higher than in controls (p = 0.004 and p = 0.001 respectively) The antioxidant activity of enzymes increases in atrazine-treated epiphytes in order to remove reactive oxygen species (ROS) released by the inhibition of the electron transport chain of PS II, thus preventing oxidative damage of the photosynthetic apparatus (Rutherford and Krieger-Liszkay 2001) , and avoiding a drastic reduction of growth, measured as chlorophyll content. This agrees with the findings reported by Chalifour and Juneau (2011) , who found no effect on algae growth with 21.6 lg L -1 of atrazine, but a reduction in the rate of electron transport in the active reaction center.
At low copper concentrations, there was a slight (although not significant) increase in SOD activity (Fig. 3) and the lack of effects with higher copper concentrations may be due to their higher protein content compared to the control (protein contains were measured as a normalization method for measuring SOD activity). Total protein content of scrapped material from mimes ranged from 0.12 mg mL -1 of the dilution sample-SOD buffer to 0.26 mg mL -1 and it was higher (but not statistically significant) on copper treated epiphytes. This can be interpreted as a defense mechanism against metals, by inducing the synthesis of protection proteins such as phytochelatins (Cobbett 2000) which are involved in detoxification mechanisms, acting as chelating agents.
Conclusions
Although no direct effects on epiphyte biomass or chlorophyll content were found by the substances used, the superoxide dismutase level increased on atrazine-treated epiphyte as an antioxidant defense mechanism due to the induced oxidative stress. Measurement of this enzymatic activity is more sensitive than growth or chlorophyll content in epiphytic tube-dwelling diatoms exposed to these xenobiotics, and it could be considered as a useful technique for the coastal monitoring of epiphyte health. This research has described an initial approach to the development of a potential toxicity bioassay involving epiphytes attached to simple artificial devices. Given the importance of these communities to the functioning of the ecosystem, and once the suitability of these mimes for hosting epibionts has been tested, further studies should be performed in this research field related to the effects on epiphytes and the role of antioxidant system to defense against the toxic substances released into aquatic environments by human activities. 
